Abstract
Green fluorescent protein purification through Immobilized Metal Affinity Chromatografy and its relevance for Biomedical Science students during Biochemistry practical classes at La Trobe University-Australia
Record activity performed Title Green Fluorescent Protein Purification through Immobilized Metal Affinity Chromatography (IMAC) and its relevance for Biomedical Science students during practical classes at La Trobe University-Australia
Target audience
Undergraduate students of the Biochemistry course of La Trobe for Molecular Sciences, La Trobe University.
Related disciplines

Advanced Biochemistry and Medical Biology Laboratory Course
Educational objectives
Contribute and explain easily concepts in cell and molecular biology using an appropriate vocabulary;
Apply advanced techniques in molecular biology, protein purification and cell biology to generate and analyse data and evaluate the experimental protocols used;
Explain/understand current techniques in Biochemistry and molecular biology;
Collect, analyse and evaluate information from literature to prepare a thorough scientific report.
Justification of use
Provide experience in current techniques in molecular and medical cellular biology including functional assays of apoptosis, transfection and fluorescent microscopy, immunofluorescent microscopy and intergrated practical where students could clone and express a chimeric protein.
Worked contents
Concepts in cell and molecular biology;
Application of advanced techniques in molecular biology, protein purification and cellular biology area;
Techniques in Biochemistry and Molecular Biology;
Methodologies to work ethically, cooperatively and safely in a molecular laboratory;
Application of research methods into molecular biology and understand the nature of translational research.
Estimated duration
From August to November of 2014. 
Used materials
Introduction
The Green Fluorescent Protein (GFP) originates from the jellyfish Aequorea victoria [1] . GFP is a protein with broad applicability to research regards in medical, cellular and molecular biology [2] . In addition, its spectral characteristics (fluorescence without additional substrates or cofactors) make it useful for in vivo labelling of proteins and cellular structures [2] . Furthermore, GFP fluorescence is either resistant or can recover from a wide range of conditions including pH, temperature, salt concentrations, detergents and proteases [3] .
The expression of hexahistidine-tagged GFP in E. coli cells facilitates the process of purification. The hexahistidine-tag has affinity for divalent metal ions and allows the use of Immobilized Metal Affinity Chromatography (IMAC) [4] . IMAC is an efficient method of purification because it is relatively low cost, rapid and can potentially produce high yields of the sample.
The purpose of this investigation was to learn techniques and methods of analysis in molecular cloning and recombinant protein expression and purification. This was achieved by using the sub-cloning of GFP, its subsequent expression and purification as an example. The unique spectral characteristics of GFP make it convenient for following its expression and purification in an undergraduate laboratory during practical classes performed by undergraduate students.
Experimental Procedures
Amplification and Sun-cloning of the GFP Open Reading Frame
The GFP open reading frame was amplified from the pE-GFP vector by PCR using [4] and transformed with the pQE30-GFP construct.
Positive clones (grown in the presence of IPTG) were identified by GFP fluorescence under UV light and confirmed through restriction digestion and agarose gel electrophoresis.
Expression and Purification of GFP
Expression of His-tagged GFP was induced in 50mL culture at OD 600 0.6 via the addition of IPTG (1mM final concentration). Zero, 1, and 2 hours time points were sampled and at 2 hours cells were harvested, pelleted, re-suspended in lysis buffer (50mM NaH 2 PO 4 , pH 8; 300mM NaCl; 0.2mg/mL) lysozyme was added fresh; [5] and incubated at 37 o C for 20 minutes. MgCl 2 and DNase were added to a final concentration of 3mM and 4µg/mL respectively and cells were incubated at room temperature for 10 minutes, before lysis was completed by sonication.
After that, 1 mL of lysate was centrifuged to pellet any cellular debris and the supernatant retained for IMAC purification [6] of the His-tagged GFP.
An aliquot was put aside (crude fraction) for SDS-PAGE, the rest incubated with 100 µL of a 50% (w/v) slurry of Ni-NTA agarose beads in lysis buffer at room temperature for 1 hour on a rotary mixer.
After centrifugation at 1500xg for 2 minutes, the supernatant (unbound fraction) was collected and the pellet re-suspended in 1 mL wash buffer (50 mM NaH 2 PO 4 , pH 8; 300mM NaCl; 20 mM imidazole) and incubated for 5 minutes at room temperature.
The supernatant (washed fraction) was again collected and the wash repeated 3 times each time discarding the supernatant. The washed beads were re-suspended and incubated for 5 minutes in elution buffer (50 mM NaH 2 PO 4 , pH 8; 300mM NaCl; 250 mM imidazole).
The agarose beads were pelleted at high speed and the supernatant (eluted fraction) collected.
Following that, 10 µL of all fractions collected were mixed with equal volume SDS-PAGE loading buffer. Zero, 1, and 2 hours post-induction time course samples were resuspended in 100 µL H 2 O and 100µL SDS-PAGE loading buffer per OD 600 unit reading. 20 µL of all samples (0, 1, 2 hours post-induction; crude, unbound, washed, and eluted fractions) were run on 10% SDS-PAGE [7] for analysis. Proteins were then visualized by Coomassie staining.
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Quantification of GFP
Both the total protein and the specific GFP concentrations were determined for the crude lysate and final eluant from the Ni-NTA agarose. Protein content was determined using the Bio-Rad DC assay with bovine serum albumin as the standard.
GFP concentration was determined using a fluorescent assay performed in an opaque 96-well microliter plate. GFP fluorescence was measured using a Spectra Max M2 Spectrophotometer/Fluorimeter (Molecular Devices) with excitation at 485nm, emission at 538nm and emission cut-off set to 530nm.
A highly purified and previously characterized GFP sample was made available to the class to use as a standard. Bacterial lysate from cells not expressing GFP was used to control for auto fluorescence and quenching of fluorescence within the samples.
Western blot Analysis
Dilutions of crude lysate and GFP eluant were electrophoresed on a 12% SDS-PAGE gel and transferred to a nitrocellulose membrane. After blocking for 1 hour in 5% The membrane was washed with three changes of PBST over 15 minutes and probed with mouse anti-rabbit IgG conjugated to alkaline phosphatase. After washing again in PBST, bands were visualized using NBT/BCIP until maximum colour development was observed.
Results
The PCR of the GFP open reading frame (ORF) from pE-GFP yielded sufficient amounts of GFP cDNA for ligation into the pQE30 vector a single band of approximately 750-850bp was visible (figure 1). A plasmid mini-prep and restriction digest was performed to confirm the successful subcloning of the GFP ORF from the pE-GFP vector to pQE30. Positive and negative GFP clones (E. coli pQE30 transformants) were first identified using GFP fluorescence under UV light according to [8] .
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Two colonies (+/-GFP) were selected for overnight culture from which a mini-prep was performed and samples of plasmid DNA incubated with or without BamHI and HindIII restriction enzymes. Products were run on an agarose gel to separate DNA fragments ( figure 2 ).
An insert corresponding to approximately 750bp was observed for digested plasmid DNA from the positive GFP colony treated with restriction enzymes. The absence of such a band in the other lanes verifies the success of the GFP sub-cloning into the pQE30 vector (figure 2). 
induction time course. Another band of similar size was the major constituent eluted from the Ni-NTA agarose beads. A similar sized band was specifically detected by western analysis in both crude lysate and eluant fractions (figure 4). The analysis of GFP purity demonstrated that the crude lysate contained 0.11 mg GFP/mg protein and the eluant fraction contained 0.34 GFP/mg proteins. The purification of GFP resulting from the IMAC procedure was therefore approximately 3-fold.
Discussion
The aim of this practical was to utilize the unique properties of GFP to illustrate techniques and methods of analysis in molecular cloning and recombinant protein expression and purification during Biochemistry practical classes of the undergraduate course. The steps taken towards this involved subcloning the GFP ORF from the pE-GFP to the pQE30 vector, the transformation of E. Coli with the pQE30-GFP construct, and the expression and IMAC purification of His-tagged GFP followed by analysis by SDS-PAGE and western analysis.
The successful subcloning of the GFP ORF into the pQE30 vector was confirmed by plasmid purification, restriction digest and agarose gel electrophoresis. Two colonies
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were identified under UV light as +GFP and -GFP, and plasmids-GFP supercoiled forms of This band migrated to the same point as the band, which increased from 0 to 2hr post induction, and again correlates with the expected size of His-tagged GFP [5] [6] [7] [8] [9] [10] [11] . In addition the eluant had the characteristic appearance and fluorescence under UV light expected of GFP in solution.
The purification of GFP by IMAC only achieved an approximate 3-fold purification [3] [4] [5] [6] . The efficient results of this project can be indicated through the result obtained by the sizes of the DNA after PCR reaction, the protein band and the restriction fragment digestion of the pQE30 vector, they remain after the purification procedure. After IMAC purification process a green fluorescence was revealed under UV light as a final product for this procedure.
Western analysis of the purified protein further confirmed the specific expression and purification of GFP. Although the fold purification of GFP could be improved, our results confirm that using His-tag protein allow its purification through IMAC with abundant yield of this protein. Purification by IMAC is the most common method for protein purification [13] as it is a straight-forward technique with a variety of applications.
Analysis of teaching and learning aspects
In order to achieve the learning subject purposes theoretical and practical classes During the theoretical classes students were introduced to all of the necessary content to understand the practical classes related tomolecular cloning, protein expression and purification. Through digital tools, such as power point slides, the professor explained all the content to all students clarifying possible doubts about the theme.
The practical classes happened at the La Trobe Institute for Molecular Science (LIMS). At the start of each practical session a students met in smaller groups where are pair of students presented a short tutorial to the rest of the class detailing the upcoming work and/or explaining data from the previous session. These student-led tutorials were facilitated by graduate student mentors familiar with the practicals.
Thereby, students would have a better understanding of the theory and also know what to do and how to perform all the procedures and appropriate techniques.
Furthermore, the mentors were available to help all of students during the experiments.
The spectral properties of GFP make it useful for illustrating techniques in protein expression and purification and allowed theoretical knowledge to be put into practice in the laboratory. The assessment learning was composed by theoretical and practical tests, both supervised by mentors and the subject supervisor. The content covered during the theoretical lectures and experimental activities comprised part of the final exam, serving as the method of assessment of students knowledge.
Education Impact
The GFP study was a useful tool to demonstrate for all of the involved students the basis of purification and cloning of the analysed protein. Most of the class had no prior experience in these techniques. Purification of GFP during practical classes, allowed close contact with a relevant and advanced area related to purification, cloning and protein expression. In addition, the involvement of the entire student groups was essential to achieve desired results.
Using IMAC and the associated methodologies, permitted the experiments to be performed in a modern and efficient manner. Furthermore, the expected results were achieved often in corroboration with other students developing cooperative teamwork and reinforcing the acquired knowledge and practical skills.
Students at La Trobe University complete formal feedback evaluations on the
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quality of teaching for all of their subjects. Qualitative feedback on this subject were overwhelmingly positive with many comments highlighting the usefulness of the integrated GFP practicals and the link between theory and practical work. Quantitative feedback on the overall quality of the subject was also positive with student satisfaction for the subject scoring higher than the institute average.
Final Considerations
The use of IMAC showed great effectiveness to purify GFP protein. Known as an excellent technique for purification, IMAC has several advantages related to its reproducibility, price and productivity. It uses simple procedures which are easily understood by students.
Because of its great applicability in a range of procedures, its use makes it a very useful tool commonly applicable in laboratory for experiments. However, it is notable that IMAC technique is capable to be enhanced when worked together with other technologies, such as tandem affinity purification or other techniques such as size exclusion chromatography.
